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ABSTRACT
Development of an Automated 
GIS Tool to Identify and Rank High Pedestrian Crash Zones
by
Vanjeeswaran Krishna Kumar Kannimangalam
Dr. Shashi Nambisan, Thesis Committee Chair 
Professor, Department of Civil and Environmental Engineering 
University of Nevada, Las Vegas
Pedestrian safety is an important concern on many urban streets in the United States. 
Identification of high pedestrian crash zones is an important component to help allocate 
resources to enhance pedestrian safety by reducing the number and severity of crashes in a 
cost effective way. High crash zones identify the locations that pose high risks to pedestrians. 
The main objective of this research is to develop an automated Geographical Information 
Systems (GIS) based tool to identify and rank high pedestrian crash zones. The tool identifies 
spatial concentration patterns and high pedestrian crash zones, extracts the crash 
characteristics and population details of selected zones, computes crash rates, and develops 
criteria to rank the high crash zones. The tool provides user friendly interfaces for data input 
and to automate various repetitive tasks. The tool was developed using commercial off-the- 
shelf software.
Ill
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CHAPTER 1
INTRODUCTION 
Pedestrian Safety Problem 
In 2003, about 4,749 pedestrians were killed and 70,000 were injured in the United States 
resulting from motor related crashes (I). Pedestrians contribute about II  percent of motor 
vehicle related deaths, the second largest group after occupants. Pedestrian deaths accounted 
for 86 percent of all non-occupant deaths in 2002. Long time trends show a decrease of 
pedestrian fatality from a high of 8,096 in 1979 to a low of 4,763 in 2000 (Figure 1). 
Similarly, there has been a decrease in the number of pedestrian injuries over this time 
period. This decrease in number of pedestrian fatalities and injuries can be attributed to the 
fact that the percentage of people walking to work in the United States has declined by about 
30 percent between the years 1990 and 2000 according to the United States Census Bureau
(2). However, there is no dependable source of pedestrian exposure data to know how many 
miles people walk each year, or the number of pedestrian trips annually. Thus without this 
information, a decrease of 27 percent in pedestrians fatalities since 1990 does not confirm 
whether walking is safer than other modes of travel. However, pedestrian safety is an 
important concern that exists on many of the urban streets in the United States, as the 
pedestrians account for more than I I  percent of the total fatalities, but only 6 percent of the 
total person trips. On an average, one pedestrian is killed in a traffic crash every I I I  minutes, 
and one injured every 8 minutes. These statistics show the importance of better
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
understanding pedestrian involved crashes so as to enhance pedestrian safety. Identification 
of high risk zones for pedestrian safety is an important first step in this regard.
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Figure 1 Pedestrian Fatalities in the United States (1975-2003) 
Source: Traffic Safety Facts, 2003 (1).
High Crash Zones
One method of identifying high risk zones is to use historical pedestrian crash data to identify 
spatial areas or zones with “high” frequency or rates of pedestrian crashes. High crash zones 
identify the locations that have posed high risks for pedestrians. Such zones are good 
candidates for potential safety enhancements, and they are likely to receive the largest 
advantage if safety funds were allocated (3). The National Highway Traffic Safety
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Administration (NHTSA) recommends a guide to identify study zones for pedestrian safety. 
The zone process provides a systematic method for targeting pedestrian safety improvements 
in a cost effective manner. The zoning method helps to identify a subset of a jurisdiction 
containing as much of the pedestrian problem of interest in as little land area as possible (4).
Geographic Information Systems (GIS)
Several analytical techniques and tools are available to analyze crash data. A GIS helps to 
identify the causal factors and location of crashes in an efficient and easy way (5). For data 
analysis, various methodologies have been used to identify zones, identify hotspot locations, 
and rank the study locations. Schneider et al. (2001) explain the importance of techniques to 
identify locations where pedestrian issues exist so that in the future a larger number of 
pedestrian crashes can be avoided (6). Even though GIS techniques are not extensively used 
in the pedestrian safety field, they have immense potential to evaluate pedestrian crash 
location. Studies in recent years have focused on the application of GIS in safety analysis 
which can influence the four E's of traffic safety: engineering, enforcement, education, and 
emergency response (2). GIS can be used to convert geographic data such as streets and crash 
locations, and statistical data such as attributes of crashes, into significant information for 
spatial analysis and mapping (7).
Objective
Unlike analysis of motor related crashes using GIS, limited research has been done on 
identifying high pedestrian crash zones in the past. However, pedestrian deaths represented 
over I I  percent of all traffic deaths in 2003. Therefore a systematic methodology is required
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
to identify the high pedestrian crash zones in order to improve the overall safety of the 
transportation system. The main objective of the research is to develop an automated GIS 
based tool to identify high pedestrian crash zones. This is based on integrating crash and 
population databases obtained from different agencies to develop criteria to rank high 
pedestrian crash zones. User friendly interfaces are provided to enable experienced and 
inexperienced GIS users to input data, automate various repetitive tasks, and perform various 
analyses.
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CHAPTER 2
LITERATURE REVIEW 
This section presents a review of the existing literature that focuses on methodologies / 
techniques used to analyze pedestrian crashes, compute crash rates, and identify high 
pedestrian crash zones. The literature review also includes discussion on criteria developed 
by other agencies to prioritize pedestrian safety improvement projects. Since limited research 
has been done on analyzing pedestrian involved crashes in the past, articles pertaining to 
analysis of motor related crashes are also reviewed to some extent.
Tools and Techniques
Several analytical tool and techniques are available to analyze crash data. However, 
questions such as “where are most of the crashes occurring and why?” are difficult to answer. 
Answers to these questions can be easily evaluated in a GIS environment. For data analysis, 
various techniques were used to create zones, identify hotspot locations, and rank the study 
locations.
Schneider et al. (2001) explain the importance of methods to identify where the 
pedestrian crash problems exist so that a greater number of pedestrian crashes can be 
prevented in the future. Studies in recent years have focused on the issue of safety analysis 
using GIS techniques. Even though GIS techniques are not extensively used in the pedestrian
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
safety field, they have great potential to improve the evaluation of crash locations. Several 
studies shows the advantages of using GIS to plot motor crash locations and identify high 
motor crash areas. Simple crash plotting, or address-matching crash locations, is the most 
common GIS technique used for safety studies (8). GIS can be used to convert statistical data 
such as attributes of crashes and geographic data such as demographics, land use, roads, and 
crash locations, into meaningful information for spatial analysis and mapping (7). Walgren 
(1998) mentions GIS as a simple tool to combine annual accident data and correlate high 
crash locations with other information such type of street and neighborhood land use. It also 
helps to identify the factors contributing to accidents and potential solutions to reduce the 
crashes (9). GIS-based crash data analysis can influence the four E's of traffic safety: 
engineering, enforcement, education, and emergency response (10).
A few GIS based studies are briefly discussed next. Braddock et al. (1994) identified 
two high pedestrian crash locations which account for 30 percent of all pedestrian crashes in 
Hartford County, Connecticut, based on address matched crash data for analysis (I I) . In a 
different context, three-mile buffer zones were created around 3 clustered areas using GIS to 
study moped safety in Hawaii. The temporal variations, environmental characteristics, and 
crash characteristics of these spatially distributed moped crashes were then studied (12). A 
GIS based crash analysis tool developed by USDOT (1999) uses five different types of 
analysis to evaluate crashes (13). The Spot/Intersection Analysis program is used to evaluate 
crashes at a user-designated spot or an intersection within a given search radius. The Strip 
Analysis program is used to study crashes along a designated length of roadway as opposed 
to a spot or an intersection. The Cluster Analysis program is used to study crashes clustered 
around a given roadway feature such as a bridge, railroad crossing, or traffic signal. The
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Sliding-Scale Analysis program is used to identify roadway segments with a high crash 
occurrence. The Corridor Analysis program is used to locate high crash concentrations within 
a corridor. Using traditional methods, segments along a specific route could be examined, but 
multiple routes within a corridor could not be easily linked and analyzed as a group, which is 
possible using the Corridor Analysis program. A simple method, called nearest neighborhood 
analysis, was used to identify hot spot locations in a mid-block pedestrian safety study (14). 
Steiner et al. (2001) used a kernel density method to identify the pedestrian crash 
concentrations on a college campus. The analysis used grid cells with a dimension of 100 feet 
per site and a circular radius of 500 feet. The resultant scores were grouped and ranked 
based on the distribution of number of pedestrian crashes. Steiner et al. (2002) discusses 
three steps for developing GIS crash mapping: (I) identification and collection of data (both 
crash data and the map data layer); (2) selection of a program for processing of crashes; and
(3) analysis of data collected by the system (15).
Crash Data
In order to ensure a reasonably stable measure, experience has shown that a minimum of one 
year's data or at least 100 crash records should be available for establishing pedestrian crash 
zones (4). But the crash occurrence and characteristics at a location can change significantly 
on an annual basis. Thus even the use of crash data for a single year might lead to some 
misleading analysis. Analysis periods of 3 to 5 years are more reliable for identifying the 
high crash zones (16). Crash studies are generally based on reported crash records. Schneider 
et al. (2002) state that reported crash data alone may not be a good predictor of future crash 
locations, especially for infrequently occurring pedestrian crashes (17). To solve this
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problem, Schneider et al. presented the idea of combining the crash data with the perception 
survey method. The study concluded that perception survey data helps improve site selection 
and recommendations for pedestrian safety treatment. Schneider, et al., (2001) describe a 
methodology to combine two types of data sources to locate the high pedestrian crash 
locations using GIS (8). Police crash reports and a set of pedestrian and driver perception 
surveys are the two sources of information used to identify locations most vulnerable to 
pedestrian crashes, which will help planners and engineers focus on these areas to improve 
safety. However, such a survey method may not be appropriate for large study areas such as 
city or metropolitan areas, as it is a time consuming and expensive process.
Pedestrian crashes can be categorized based on three major areas (18). They are:
1. Pedestrian characteristics - which explains characteristics of persons involved in these 
crashes (gender, age, and ethnicity).
2. Crash types -  which explains elements that lead to crashes (for example, alcohol 
related, failed to yield the right-of-way and stepped into the path of an oncoming 
vehicle, disregarded a traffic signal, or made some improper action that contributed to 
the crash like crossing not at intersection, crossing at mid block crosswalk, crossing at 
intersection, walking along road with traffic, walking along road against traffic, 
working on vehicle in road, standing playing in road, standing on pedestrian island, 
etc).
3. Crash event -  which explains when and where these crashes occurred (date, time of 
the day, day of the week, location (urban or rural), weather and lighting conditions, 
number of lanes, road system identifier, and road surface conditions).
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According to Bales (1998), this way of categorizing the pedestrian crashes helps develop 
effective and practical countermeasures to reduce the pedestrian injuries and fatalities. It is 
important that crash types are analyzed for different pedestrian age groups. Studies have 
shown that alcohol impaired pedestrian problem is high among some racial and ethnic 
groups, which points to another set of characteristics to be analyzed (19, 20). Analysis of 
crashes based on severity is another critical element. Higher vehicle speeds are strongly 
associated with both a greater likelihood of pedestrian crash occurrence and more serious 
pedestrian injury (21, 22). The population density is not a good replacement for pedestrian 
exposure as it does not account for the amount of walking people do (23). The number of 
lanes, area type and sidewalk system are some of the factors that affect pedestrian exposure.
High Crash Zones
Saxena et al. (2002) mention accidents do not occur uniformly and their occurrence may be 
due to the number of limitations existing in those areas. These accidents could be studied and 
analyzed to identify some form of patterns through GIS (24). In this paper a conceptual effort 
was been made to identify the problem zones. The complete zone under consideration can be 
an attention-requiring area or a subset of the same. To observe the patterns of accidents, it is 
necessary to mark the location of accidents in the area on a map and, thereafter define the 
zones in terms of problems and resources. The analyzed information would be useful in 
adopting improvement measures for finally selected zones.
NHTSA (1998) recommended a guide to identify study zones for pedestrian safety
(4). The zone process provides a systematic method for targeting pedestrian safety 
improvements in a cost effective manner. Zoning identifies a subset of a jurisdiction
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
containing as much of the pedestrian problem of interest in as little land area as possible. 
The first step is to select an initial shape for the zones and to define the target rate i.e., the 
number of events in a specified time period that must fall in an area for it to be defined as a 
zone. The approach suggested is to search for circular zones, then to search for linear zones, 
then to determine their final shape. The initial circular zones could be created by using one 
mile radius, as generally pedestrian crashes occur within one mile of the victim’s home or 
work place. Circular zones could be identified using a target rate of 10 crashes per zone for a 
total of 200 crashes during the analysis period. For linear zones, it could be determined for 
the segments where six or more crashes occur in a two mile span for a total of 200 crashes 
during the analysis period. In addition, if total crash data used in analysis is higher, the target 
rate should be adjusted upward as necessary. The final step is to identify the final zone 
shape, as it may be useful to combine zones, add more radii, change zones’ shapes, or reduce 
zones’ sizes. Finally, to define zones, areas with some clustering and some dispersion 
throughout a land area should be identified. However, such a methodology may not work if 
no clustering is apparent in the study area.
One of the most common macroscopic applications of GIS is the determination of 
high crash locations (10). High crash locations identify the areas that would potentially 
receive the largest benefit from safety related improvements. These locations can be analyzed 
in many different ways. One method includes crashes within a specified distance of a major 
roadway. Another method determines the crash frequency within a specified distance. One of 
the drawbacks of identifying locations with high crash frequencies is that traffic volume or 
exposure is not taken into account. This can be accomplished by the crash rate method. The 
crash rate method for roadway segments divides the total number of crashes by the annual
10
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average daily traffic (AADT) and the length of the segment to obtain crashes per vehicle 
miles traveled.
Ranking of High Crash Zones 
South East Michigan Council of Government (SEMCOG) Crash Analysis Manual explains 
five ways of locating high crash locations (25). The Spot Map Method^ the simplest method 
of identifying high-crash locations, examines a map showing clusters of symbols at those 
spots and on those segments on the road network having the greatest numbers of total 
crashes. The Crash Frequency Method is a method to rank locations by the number of 
reported crashes (or crashes per mile), with frequencies listed in descending order. Locations 
with crash frequencies greater than or equal to a critical crash frequency are considered to be 
high crash locations. The Cash Rate Method ranks locations by descending crash rate. 
Locations with above-average rates are tested for significance. The Crash Rate Method 
compares the number of crashes to the volume of traffic, with the later measured either as the 
number of vehicles crossing a spot in a given time period, or as the number of vehicle-miles 
of travel along a segment in that period. In the Crash Severity Method, crash frequencies or 
rates are weighted by severity whereas in the Crash Probability Index Method frequency, 
rate, and severity results are combined.
The Iowa Department of Transportation, Office of Traffic and Safety describe the 
advantage of using crash rate in comparing the crash experience between different time 
periods or between locations (16). This provides a basis for more accurate and meaningful 
conclusions since it accounts for the numbers of vehicles “exposed” to the hazards of driving 
within a given time period. It also prevents the potentially misleading classification of a
11
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
relatively safe high-volume location as “high-crash” simply because it has experienced a 
relatively large number of crashes. However, it tends to unfairly identify low-volume 
locations having relatively few crashes as high-crash locations.
Summary
Various tools and techniques have been used in the past to address pedestrian safety 
problems. A majority of them use the help of GIS to identify the problem areas. A minimum 
of one year’s crash data are required to analyze the pedestrian crashes, but a horizon of 3 to 5 
years is desirable. The basic set of data required to conduct a GIS based analysis includes 
crash data, street network data, and population data of the study area in GIS format. Spatial 
analysis techniques available in widely used commercial GIS software (nearest neighborhood 
or kernel density) can be used to identify locations with greater pedestrian crash 
concentrations. After identifying the crash concentrations, the next step is to select the high 
pedestrian crash zones that would potentially receive the largest benefit if safety funds were 
allocated. The final step is to develop criteria to rank the selected high pedestrian crash zones 
using crash frequency, crash severity and crash rate methods. The literature review did not 
identify any attempts to develop automated tools to facilitate such analyses. The development 
of such analytical processes and an automated tool to facilitate such analyses is the subject of 
this thesis.
12
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CHAPTER 3 
METHODOLOGY
The methodology adopted for achieving the desired objectives can be divided in to three 
steps: (1) Build crash concentration maps, (2) identify high pedestrian crash zones, and (3) 
develop criteria to rank the identified high crash zones. Each of these steps is discussed next 
in detail.
Build Crash Concentration Maps 
The geocoded pedestrian crashes may show clustering and dispersion throughout the study 
area. Clusters of crashes are generally observed in densely populated metropolitan areas. 
However, the presence of a dot on a GIS map does not necessarily equal one crash. Several 
crashes may have occurred at this point. For example. Figure 2 shows the spatial distributions 
of pedestrian crashes along Flamingo Road between Maryland Parkway and Eastern Avenue 
in the Las Vegas metropolitan area. Data from 1998-2002 show that 7 pedestrian crashes 
occurred at the Flamingo Road-Maryland Parkway intersection, whereas only 1 pedestrian 
crashes occurred at the Flamingo Road-Eastern Avenue intersection. However, in the figure, 
both the locations appear as if they have only one crash each. In other words, the map does 
not exactly reflect the crash concentrations of locations having more than one crash.
13
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Developing crash concentrations is extremely helpful in identifying high crash zones. This 
can be achieved using the density feature available in widely used commercial GIS software.
Density is a measure of the quantity of an item per unit of area. Some examples are 
number of pedestrian crashes per square mile or people residing per square mile. In a GIS 
environment, density can be calculated using two methods: the Simple Method and the 
Kernel Method (26). A circular search area is used by both methods to calculate density.
In the simple method, the entire study region is divided into a preset number of cells. 
A circular search area is drawn around each cell (Figure 3). Large circular dots in the figure 
represent crashes in the vicinity of the cell. The individual cell density values are then 
calculated as the ratio of number of crashes that fall within the search area to the size of the 
search area. For example, if 8 crashes occurred in a search area of 2 square miles, then the 
density value is 8 divided by 2, which is equal to 4 crashes per square mile. The radius of the 
search area affects the resulting density map. As a large search area is more likely to include 
more crashes, a larger radius results in a smoother density surface.
In the Simple Method a circular search area is drawn around each crash (large circular 
dots in Figure 4) instead of the cell. A kernel function is then applied to each crash to 
calculate kernel values. The surface value is highest at the location of the crash, and 
diminishes with increasing distance from the crash, reaching 0 at the radius distance from the 
crash. For example, the Arc/Info 8.2 version and the ArcMap 8.2 version use a quadratic 
kernel function (27) to estimate kernel density.
14
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The individual cell density values are then calculated as the ratio of the sum of the 
overlapping kernel values over that cell to the size of the search area. In general, a smoother 
looking density surface is created by kernel density calculations than the simple density 
calculations. Hence, the Kernel Method is more suitable for use in identifying high crash 
zones. The radius of the circular neighborhood affects the resulting density map. The greater 
is the radius; the flatter is the resulting kernel.
Figure 5 shows the concentration map of crashes using the Kernel Method between 
Maryland Parkway and Eastern Avenue along Flamingo Road. From the figure, it can be 
clearly seen that the Flamingo Road-Maryland Parkway intersection has a greater 
concentration of pedestrian crashes when compared to the Flamingo Road-Eastern Avenue 
intersection, and hence is a “very high” crash location. Likewise, the Flamingo Road-Spencer 
Street intersection is a “low” crash intersection, whereas the Flamingo Road-Eastern Avenue 
intersection is a “very low” crash intersection.
Identify High Pedestrian Crash Zones 
Determining high crash zones determine sites to focus enhancement programs and reduce the 
number and severity of crashes (16). The focus of this step is to identify high pedestrian 
crash zones using the concentration maps created in the previous step. High crash zones 
could be linear or circular in shape. The shape and size of the zone is based on the 
concentration map. If dense areas of crashes are observed at closely spaced intervals along a 
street (i.e., linear), then this cluster is considered a linear zone. The size or length of the 
linear zone depends on the existence of similar dense areas of crashes, and characteristics 
such as demographics, land-use, road characteristics, and traffic. Figure 6 shows a linear high
16
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crash zone (Flamingo Road, Las Vegas) which has dense crash areas at regular intervals 
between Pecos Road and Tamarus Street. A location is selected as a circular high crash zone 
if the crash concentration is isolated at an intersection or if the areas of high crash 
concentration are not linear but fit better in a circle. Figure 7 shows a circular high crash zone 
(Downtown, Las Vegas). The entire study area is examined for crash concentrations, and 
appropriate high pedestrian crash zones could be identified using the above method.
Figure 3 Simple Density Method: Circular Search Area around Each Cell
17
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Figure 4 Kernel Density Method: Circular Search Area around Each Crash
18
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Criteria to Rank High Crash Zones 
Ranking or prioritizing high pedestrian crash zones is an important aspect of any pedestrian 
safety program to reduce or avoid crash losses. High crash zones with higher ranks generally 
warrant greater attention in the safety enhancement programs. The most commonly used 
methods to rank high crash zones or locations in the past have been (28, 29):
1. Crash Frequency Method
2. Crash Severity Method
3. Crash Density Method
4. Crash Rate Method
Each of these methods is discussed in detail next with their advantages.
Crash Frequency Method 
Ranking the high crash zones based on the number of crashes in the corresponding zones is 
called the Crash Frequency Method. The zones are ranked in descending order of 
frequencies. Thus, high crash zones with more crashes are ranked higher. The Crash 
Frequency Method is defined as follows:
CF = F  + A + B + C (1)
where,
CF is crash frequency,
F is number of fatal crashes,
A is number of injury type “A” crashes,
B is number of injury type “B” crashes, and 
C is number of injury type “C” crashes.
22
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Crash Severity Method
An extension of the Crash Frequency Method is to give different weights to different types of 
crashes. Ranking the high crash zones based on the severity of crashes by giving more weight 
to fatal crashes and severe injury crashes is called the Crash Severity Method. The zones are 
ranked in descending order of severities. Thus, high crash zones with more severities are 
ranked higher. The basis for these weights can be based on the relative average crash costs by 
severity. The Crash Severity Method is defined as follows;
( :s  = cxLxpg+(Yx /i)+(2:><i3)-F(: (2)
where,
CS is crash severity,
F is number of fatal crashes,
A is number of injury type “A” crashes,
B is number of injury type “B” crashes,
C is number of injury type “C” crashes, and 
X, Y, and Z are weights for F, A, and B.
The Crash Frequency Method tends to rank a zone with a high number of less severe
crashes as a high crash zone when compared to a zone with a higher number of fatal and
severe crashes, but lesser number of total crashes. The Crash Severity Method is thus 
preferred to the Crash Frequency Method, as the addition of severity helps rank zones with 
greater exhibited potential for injury or loss of life higher in the rank ordered list of high 
crash zones.
But both Crash Frequency and Crash Severity Methods do not directly take into 
account the on-network characteristics (pedestrian exposure, zone length, zone area.
23
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vehicular volumes) and off-network characteristics (population, land use etc. in the vicinity). 
These methods tend to rank a zone with a higher number of crashes as a high crash zone, 
even if the zone has a relatively low crash rates. On-network and off-network characteristics 
might significantly affect the rankings of the high crash zones. For example in Las Vegas, 
zones along the resort corridor have a higher number of pedestrian crashes. Pedestrian 
activity in such zones is also very high. These zones along the resort corridor may not have 
higher crash rates when one considers the ratio of the number of crashes in the zone to the 
pedestrian activity of the zone. However, the Crash Frequency and Severity Methods would 
rank such zones high as they are based on the number of crashes and because they do not 
account for exposure. Thus the Crash Frequency Method ranks a zone with 20 pedestrian 
crashes per year and 1 ,0 0 0  pedestrians per day higher compared to a zone with 1 0  pedestrian 
crashes per year and 1 0 0  pedestrians per day.
Crash Concentration Method 
An extension of the Crash Severity Method is to give consideration to the on-network 
characteristics (zone length or area). Ranking the high crash zones based on number of 
pedestrian crashes per length in miles or area in square miles is called the Crash 
Concentration Method. The zones are ranked in descending order of concentration. Thus the 
high crash zones with higher concentration are ranked higher. The Crash Concentration 
Method is defined as follows:
CS
(:CL = = C3) 
CS
C D x =  (4)
where.
24
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CC l is crash density based on length,
CCa is crash density based on area,
CS is crash severity,
L is length of the zone in miles, and 
A is area of the zone in square miles.
The length and area of the zones might significantly affect the rankings of high crash 
zones. For example, the Crash Concentration Method will rank a zone with a pedestrian crash 
severity of 1 0  in a 1 square mile area higher when compared to a zone with a pedestrian crash 
severity of 20 in 4 square miles area. But the Crash Severity Method will rank the zone with 
a pedestrian crash severity of 2 0  higher than the zone with a pedestrian crash severity of 1 0 . 
However, the Crash Concentration Method does not directly take in to account the other on- 
network characteristics such as pedestrian exposure and vehicular volumes.
Crash Rate Method
Ranking high crash zones based on the number of crashes and measure of exposure in the 
corresponding zones is called the Crash Rate Method. Crash rates can be computed with or 
without including crash severity, and for the present study crash severity is included. 
Measure of exposures used to compute crash rates are vehicle volume, pedestrian volume, 
and population in the vicinity.
Crash Rate Based on Vehicular Volume 
Ranking the high crash zones based on the ratio of the crash severity to the vehicular volume 
is called Crash Rate Based on Vehicular Volume. The vehicular volume data can be obtained 
using various video or loop detection technologies. The zones are ranked in descending order
25
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of crash rates. Thus high crash zones with more crash rates gets higher ranks. Crash Rate 
Based on Vehicular Volume is defined as follows:
CS
where,
CR vv is crash rate based on vehicular volum e,
CS is crash severity, and 
VV is vehicular volume
But pedestrian volume is a true representation of exposure when compared to 
vehicular volume. Moreover, this method may be biased towards zones with few crashes and
low vehicular volumes, as the resulting crash rate will be high (6 , 7).
Crash Rate Based on Pedestrian Volume 
Ranking the high crash zones based on the ratio of the crash severity to the pedestrian 
volume is called Crash Rate Based on Pedestrian Volume. The pedestrian volume is the 
number of pedestrians in the zone over a specific time period. The zones are ranked in 
descending order of crash rates. Thus high crash zones with more crash rates gets higher
ranks. Crash Rate Based on Pedestrian Volume is defined as follows:
CS
-  —  (6)
where,
CRpv is  crash rate based on pedestrian volum e,
CS is crash severity, and 
PV is pedestrian volume.
26
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The Crash Rate Based on Pedestrian Volume method is preferred over other method 
since pedestrian volumes truly represent pedestrian activity in a zone. But collecting data 
pertaining to pedestrian volume is an expensive and time consuming process. Even data 
collected using simple low cost video technology needs a lot of post processing. An 
alternative to this method is to use surrogate data such as population proximate to the zone as 
a surrogate measure of pedestrian activity.
Crash Rate Based on Population 
Ranking the high crash zones based on the ratio of the crash severity to the population 
proximate to the zone is called Crash Rate Based on Population. The census level. Traffic 
Area Zone (TAZ) level, or zip code level population data can be used for analysis. The zones 
are ranked in descending order of crash rates. Thus high crash zones with more crash rates 
get the higher ranks. Crash Rate Based on Population is defined as follows:
CS
where,
CRpp is crash rate based on population,
CS is crash severity, and
PP is population proximate to the zone
Data pertaining to the non-resident population is not available in the commonly used 
population data sources (census, TAZ, or zip code level data). Non-resident population also 
plays a critical role, especially in places like Las Vegas. For example, along the “Strip” 
(resort corridor) in Las Vegas, pedestrian activity is very high, whereas the resident 
population is very low. Thus the zones in these areas will have higher crash rates based on 
the resident population in the vicinity. But inclusion of non-resident population (tourists and
27
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employees) along with resident population will result in a lower crash rates for these zones. 
Some other alternative methods such as number of hotel rooms and number of employees in 
the vicinity should be considered for estimating the non-resident population.
Crash Rate Based on Weighted Population 
An extension to the Crash Rate Based on Population Method is to give different weights to 
different age groups. Ranking the high crash zones based on the ratio of the crash severity to 
the population in the zone vicinity by giving different weights to different age groups is 
called Crash Rate Based on Weighted Population. The zones are ranked in descending order 
of severities. Thus high crash zones with more severities get higher ranks. Generally higher 
weights are given to crash rates of certain groups of population such as children (pedestrian 
below the age of 18) and elderly (pedestrians above the age of 64) who may be more 
vulnerable to such crashes. Calculating crash rates based on population for different age 
groups will help to identify whether a particular age group is over or under involved in 
crashes. Crash Rate Based on Weighted Population is defined as follows:
(8)
“ Age <18
rs
p t ?  — Age 18-64 / g \
Age 18-64 P P
^*^A ge 18-64
CS
(:Rivp.Ae>w == (lO)
Age > 64
CR^p = (X XCR^p^gg^jg) + (Y XCR^p^ggig 54) -h (ZxCR^p^gg^g^) (11)
where,
CRwp is com bined  w eighted  crash rate,
CRwp„Age<i8 is crash rate based on population for age group less than 18 years.
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C Rw p_A ge 18-64 îs crash rate based on population for age group 1 8 -6 4  years, 
CR\vp_Age>64 is crash rate based on population for age group greater than 64 years, 
CSAge<i8 is crash severity for age group less than 18 years,
CSAge 18-64 is crash severity for age group 18-64 years,
CSAge >64 is crash severity for age group greater than 64 years,
PPAge<i8 is population in the zone vicinity for age group less than 18 years,
PPAge 18-64 is population in the zone vicinity for age group 18 -  64 years,
PPAge >64 is population in the zone vicinity for age group greater than 64 years, and X, 
Y, Z are weights for population groups < 18, 18 -  64, and > 64 years.
Summary of Ranking Methods 
By considering the advantages and disadvantages of individual methods. Crash 
Concentration by area is included in the final analysis from Crash Frequency, Crash Severity 
and Crash Concentration (length and area) Methods. Among the crash rate methods. Crash 
Rate Based on Weighted Population is also considered for final analysis. If pedestrian 
volumes are readily available. Crash Rate Based on Pedestrian Volume Method will replace 
the Crash Rate Based on Weighted Population Method. These two methods are used to 
develop a final composite ranking using Crash Score Method.
Crash Score Method
The crash score method is based on normalizing the values to the same scale to obtain a score 
for each category (30). Such a normalizing procedure is used to address the challenge of 
combining disparate components. The individual scores for each component are normalized 
to a 0-100 scale. Thus, the highest score for a category is equal to 100. The individual scores 
for each category are then added to estimate the crash score for the zone. Different weighted
29
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scores can be given for different categories in estimating crash scores. However, in such a 
case the results may be biased towards zones with lower scores for the method with lower 
weight, if the weights are not established using a good logical procedure. The Crash Score 
Method is defined as follows:
CC
ScoreCC. = ------------  ^ xlOO (12)
Maximum CC.
CR
S co reC R ^ p = ------------^  xlOO (13)
Maximum CR^p
CS = Score CC^ + Score CR^p (14)
Where,
Score CCa is the crash score for crash concentration of the zone
Score CR^p is the crash score for crash rate based on weighted population of the
zone
Maximum C C a  is the maximum of the C C a  values of all the zones 
Maximum CR^p is the maximum of the CR^p values of all the zones
30
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CHAPTER 4
AUTOMATION REQUIREMENTS 
The methodology discussed in the chapter to identify and rank high pedestrian crash zones 
can effectively implemented in a GIS environment. Commercially available GIS software 
(such as ESRI ArcGIS, Intergraph GeoMedia, etc.) can be used to identify and evaluate 
pedestrian safety problems. But extensive GIS software knowledge and skills are required to 
implement the above said methodology. The issue with technology is to train the users to use 
the software. Transportation safety professionals have been slow to implement the 
applications of GIS into their field mainly due to the complication of the software and the 
time consumed by training. One of the solutions for the issue is to develop a tool by 
automating various repetitive tasks. Some of the advantages of such automated tool are 
briefly described in the next section.
Required Skills and Time Savings 
Just about any thing that an automated tool can do can also be accomplished by a user with a 
keyboard and mouse using commercially available GIS software. But it requires extensive 
GIS knowledge and skill to implement the functionality of the tool manually. However, in a 
competition, the automated tool is always faster. An automated tool will even beat an expert 
GIS user who does not need to spend any time to figure out how to execute the required
31
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tasks. What might take a week to perform a task manually will be done in a few hours by 
automating the tasks.
Error Reduction
Even the most skilled GIS user is vulnerable to make mistakes, like the most skilled typist 
hits the wrong key some times. This case might be really evident even when performing a 
simple GIS task repeatedly over and over again. But an automated tool does not make 
mistakes and is reliable to carry out commands over and over again with absolute accuracy. 
But it does not mean that an automated tool is error free. An automated tool will perform 
exactly what kind of instructions programmer gives. If these instructions are wrong, the 
automated tool can cause errors.
Standard Enforcement
Adherence to data processing standards is a vital aspect of maximizing productivity in many 
agencies. For example, a planner might need to submit a weekly update of the maps. A minor 
deviation from the standard format might result in some serious issues. If these maps follow 
the same format and structure, it is easier to automate the process rather than doing it 
manually each and every week. By automating the entire process of making maps rather than 
user creating the maps manually, ensures that there are no deviations from the standard 
format.
Integration with Other Applications 
GIS has the ability to communicate and share data with many other programming languages 
and applications like Visual Basic, C++, .Net, Microsoft Office applications, etc. For
32
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example, data from GIS can be exported to an Excel spreadsheet to make formatted tables for 
a report. Automation makes the tasks that required integration with other applications more 
effective and most of the time it would be impossible to perform otherwise.
One of the objectives of the research was to develop an automated GIS tool as usable 
for as many people as practical. The tool was designed to avoid common pitfalls, requiring 
minimal training, minimal setup time, and with simplified user interfaces. Through the use of 
simplified user interfaces and help files, a typical inexperienced or experienced GIS user can 
locate and rank high pedestrian crash zones in a very short time frame.
33
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CHAPTER 5
GIS AND AUTOMATION SOFTWARE 
The automated tool is developed using ESRI ArcGIS 8 .x, a commercial GIS software. The 
automation of various tasks is achieved using ArcObjects and Visual Basic for Applications. 
The following sections provide a brief description of the above software.
ArcGIS
ArcGIS is a GIS software with tools for geographic information management, display and 
automated analysis, developed by Environmental Systems Research Institute, Inc. (ESRI) 
(31). ArcGIS consists of several other components such as ArcCatalog, ArcMap, and 
ArcToolbox. These three components are collectively known as ArcGIS Desktop and 
sometimes known as ArcView. ArcGIS is a user friendly tool for the users with power to 
visualize, query, and analyze spatial data. ArcGIS supports the entire spectrum of GIS 
applications in Transportation such as planning, safety, management, administration and 
more.
ArcObjects
ArcObjects is a set of computer objects exclusively designed for programming and 
customizing ArcGIS Desktop applications. ArcObjects includes a variety of items such as
34
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data frames, layers, features, tables, symbols and others that makes up points, lines, 
polygons, records, fields, colors, etc (32). ArcObjects are platform independent software 
components, written in C++ that helps services to support GIS applications (33). ArcObjects 
consists of technology framework, an object oriented data model, and a collection of 
software components (34). Classes are used to bundle together an object’s data structure and 
the methods for controlling the object’s data is called encapsulation. Encapsulation helps to 
hide complexity, discourages the programmer from tampering with code that already works, 
and promotes the reuse of previously developed code (35).
Visual Basic for Applications 
Visual Basic for Applications (VBA), developed by Microsoft, is a technology for 
customizing client desktop packaged applications and integrating with other systems and data 
(36). VBA contains a sophisticated set of programming tools based on Microsoft Visual 
Basic development systems that helps users to customize off-the-shelf software products to 
meet their specific business requirements. Some of the other programming languages such as 
C++ or Visual Basic can be used to program ArcObjects, but VBA comes included with 
ArcGIS Desktop. The main difference between VBA and other object oriented programming 
languages is that it is designed to embed within applications. Programmers working in 
languages such as C++ typically build software applications from scratch with a set of 
objects, while VBA programmers customize applications, like ArcMap, that come with VBA 
inside them (32).
35
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 6
AUTOMATED GIS TOOL 
High Pedestrian Crash Locator (HPCL), an automated GIS tool that implements the above 
methodology to identify and rank high pedestrian crash zones, is developed. Figure 8 
represents overall framework of HPCL and Figure 9 represents HPCL tool bar developed. 
The user operations in the HPCL are divided into five steps: (1) street and crash data input, 
(2) creating concentration map, (3) identifying and creating linear zone(s), (4) identifying and 
creating circular zone(s), and (5) ranking the high crash zones. User interfaces are developed 
for data input using VBA. The user needs to input GIS data (crash, street, and population) 
and select appropriate fields in the GIS data attribute table and other variables (weights) to 
develop criteria to rank the high crash zones. The following sections provide explanations of 
the various steps. Pedestrian crashes in the Las Vegas Metropolitan area, the Reno 
Metropolitan area, and Carson City, Nevada are used for analysis. Pedestrian crash data 
obtained from the Nevada Department of Transportation (NDOT) and street network data 
obtained from the U.S. Census Bureau, TIGER/Line files are used.
Data Input
The input data required for HPCL are pedestrian crash data, street network data, and 
population data of the study area in GIS shapefile format. Figure 10 represents the HPCL
36
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user interface for data input. Following sections explain in detail regarding the steps involved 
for inputting data to HPCL.
Rank
Linear Zone
Preview
CreateCreate
Circuiar Zone
Crash Density
Preview
input Data
Figure 8 Overall Framework of HPCL
H i g h  P ed estr ian  C r a s h  Locator
1 .Data 2 .Concentration S.LInearZone 3 .1 .Preview 3 .2 .C reate 4.CircularZone 4 .1 .Preview 4 .2 .C reate 5 .Rank
Figure 9 High pedestrian crash Locator (HPCL) Tool Bar
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1. Add Street Network Data
2. Add Pedestrian Crash Data
3. Select the Street- Name field in street network;
1 STREET_MAM ^
4. Select the Street- Type field in street network:
I STREET_TYP ............... ■«•j
5. Select the Crash Location field in Crash Data:
I IN T E R S E C T ! 2 )
6. Specify the location for output files
C ; \000\PedCrashLocator
Finish
Figure 10 HPCL User Interface: Data Input 
Street Centerline Data
The user needs to input street centerline data of the study area in shapefile format and in the 
North American Datum (NAD) 1983 coordinate system (Figure II). HPCL uses the street 
centerline data for creating and identifying high pedestrian crash zones. Street centerline data 
in GIS format are generally developed and maintained by public and private agencies. Some 
of these are commercially available. The common source for street centerline data is the 
Topologically Integrated Geographic Encoding and Referencing system (TIGER) / Line files
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maintained by the U.S. Census Bureau (37). The data in shapefile format can be downloaded 
free of cost from the U.S. Census Bureau’s website. But the coordinate system of the street 
centerline data provided by the U.S. Census Bureau is in a geographic coordinate system 
with map units in decimal degrees. The user needs to change the projections of the street 
centerline shapefile to NAD 1983 and appropriate state plane (depending up on the study 
area) with map units in feet. This can be achieved using the ArcToolbox feature available in 
ArcCatalog. Alternatively the street centerline data developed and maintained by the local 
entities (such as city, county, etc.) can also be used for the analysis. These data might be 
more up to date because these entities update their data more frequently compared to the U.S. 
Census Bureau which updates their data once in every 10 years. Some of the other common 
private agencies that provide the street network data for a charge are Geographic Data 
Technology (GDT) Dynamap U S Street Data and Tele Atlas MultiNet.
Pedestrian Crash Data
The user needs to input the pedestrian crash data of the study area in shapefile format and in 
the North American Datum (NAD) 1983 coordinate system with appropriate state planar 
(according to the study area). Figures 12 to 14 show the resultant pedestrian crashes in the 
Las Vegas Metropolitan area, the Reno Metropolitan area and Carson City respectively. 
FIPCL uses the pedestrian crash data to create concentration maps, identify
39
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Figure 11 HPCL User Interface: Adding Street Centerline Layer
high crash zones, and to compute crash concentrations and crash rates to rank the high crash 
zones. The common sources of pedestrian crash data are the crash reports filed by the local 
law enforcement agencies. The crash reports are filed with the Department of Motor Vehicles 
(DMV), which extracts limited driver data from each report and forwards a paper copy of the 
report to the Department of Transportation (DOT). The system is maintained primarily to 
serve the needs of engineers and planners in determining high crash locations and driver 
problem areas.
These raw text file with data has to be converted into a GIS format as an input data to 
the HPCL. This can be achieved using the Geocoding feature available in ArcGIS, which is 
defined as the process of locating an event in a map using its address. Thus geocoding is the 
method of deriving spatial coordinates for a specific location based on street name / reference 
street name, street address or mile-post. The information in the attribute table of the street
40
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network is used to locate the addresses in the case of geocoding based on street name / 
reference street name or street address. A street network with mile-post data is required to 
geocode crashes based on mile-post. The more detailed the street data, the more accurately 
addresses can be located. The output of a geocoding process is either a shapefile or a 
geodatabase feature class of points and each point in this file is associated with a specific 
spatial location on the street network.
Automating the process of geocoding is extremely difficult mainly due to the 
discrepancies of the naming conventions adopted in the street center line and crash database. 
For example, a freeway is denoted in the crash database as “US50 Flwy” and in the street 
centerline shapefile with the street name “United States Highway 50” and no street type. A 
geocoding program will search for a location with the street name “US 50” and the type 
“Hwy” in the street centerline shapefile and no matches will be found in street centerline. So 
in order to resolve these issues, the naming style of the records should be changed manually 
so that consistency is ensured. In this case, the street centerline data record should be 
changed to street name as “US50” and type as “Hwy”. A geocoding program might also fail 
due to missing, misspelled or different street names used in the street centerline data when 
compared to the crash data. Crashes that are not geocoded with such considerations could be 
digitized manually with the help of a map.
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Population Data
Population data of the study area is required in order to compute crash rates of high 
pedestrian crash zones based on population. The common forms of population data are 
census level data. Traffic Analysis Zone (TAZ) level data, and zip code level data.
The US Census Bureau estimates population data once in every ten years for the 
entire United States. Census data are available for a variety of units such as blocks, block 
groups, and tracts. Out of which census blocks are the smallest in terms of area. A group of 
census block is called census block group and generally a census tract will consists of more 
than one census block group. Out of these, census block level data might be appropriate for 
the present study, as it is the smallest unit of census data available and hence reduces the 
probability of error while estimating the population distribution. Census block level data is 
comprised of a variety of age distribution, which is the most important factor required for the 
present study. But the major disadvantage of this data source is that it is updated only once in 
every 10 years. Census data in a GIS format can be downloaded free of cost from the Census 
Bureau website. Figure 15 shows the census blocks within the Las Vegas Metropolitan area.
TAZ level population data is compiled and published by the state and/or local 
metropolitan planning organizations, such as Regional Transportation Commission (RTC). 
TAZs are areas used to tabulate traffic related data for transportation systems engineering 
and planning purposes. A TAZ may consist of one or more census blocks, block groups, or 
census tracts. Generally, TAZ level population data might be updated any where between 1-5 
years, depending upon the policy of the local organizations that maintains the data. Similarly, 
the availability of age distribution in the TAZ level data is also subjective. For example, the 
TAZ level data for the Las Vegas Metropolitan area, maintained by the RTC of Southern
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Nevada, does not provide any age distribution. In such a case for the present study, TAZ 
level data might not be appropriate. Figure 16 shows the TAZs within the Las Vegas 
Metropolitan area.
Zip codes are defined by the US Postal Service and may consist of more than one 
census block and TAZs. Zip code level population data might be more frequently updated 
when compared to census data, as it is maintained by local agencies. Again, the availability 
of age distribution in the Zip code level data is subjective. For example, the Zip code level 
data for the Las Vegas Metropolitan area, maintained by the Center for Business and 
Economic Research (CBER) at University of Nevada, Las Vegas, updates the data every year 
and provides population data for different age group. Figure 17 shows the Zip codes within 
the Las Vegas Metropolitan area.
Typically there are two files associated with the population data in GIS format. There 
is a shapefile that represents the population unit (census block, TAZ, or Zip code) with a 
unique identifier for each of these units. The second file is the actual population data in a 
database format with equivalent unique identifier for the respective population units. In a GIS 
environment, the user requires to join these two files based on the unique identifier to do 
further analysis. As the user inputs these files, HPCL automatically joins them based on their 
common field.
46
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ao(
'e p h a n i
NEt u s
MGUh TAff-^ v^/TA
PEC< r  PEC 38
IV IC CEM Ï1
ALLEN EW \  M LËY VIEV-VAl Æ
Dl Cfi ruR
cr z
:n a y a
FFALO
C3
I
g
I
c/3
S)
>
a
ê
c
Ic
_ o
s
C/J
3w
ë
u
§)
E
47
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TPH A N I
C ABANA
NE! LIS
d O U f TAIN y jé îA
-AMB
IC O S
PEC  )S PEC DS
ERN=AS'
IVIC C ENTI
SRUC :
MMERCE
h OSNBM S
ÜVd
h ART» L
AU EN
VAl .E  '  V EW
DE Cfi TUR
JON S J( >NES
O
7  ENAY [NAYA
3 d 0 ‘ 31NV VAVN3
FFALO
O
D
03
I
§
î</)
S)
>
a
(D
■S
_c
'$
N
g
VD
S)
E
48
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CM S I :
STEPH A N IE S T E P H A N ^ ,
Q j
S
CABANA< O 00
NEÜLIS
CO
MOWh TAIN VlêTÀ;
IA M B
LAMB
! S
 ^ PECO S
PE C O S
cr:
/■  CO
EASTERN :S I
BRUCE O
)M MERCE
O :--- ,o ; NO^ MS iI
8
88
J 8  ,
I S ..
ALLEN
DECATUR fO
ssCO 9
JON! JO N ES
g
U S 9 5
M 09N IV  I
TENAYA TENAYA
%
g
z CT) 
<  CM VAVN3: 31 gO)
BUFFALO
OTV;
o
i iQ-(O N
D
a(U
I
I
I(U>
a
u
00
Oo
CL
N
S)
E
49
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Street and Crash Data Fields 
In this step, the user requires selecting the appropriate fields in the street centerline and 
pedestrian crash shapefile's attribute table for analysis. The required fields are (1) street 
name in the street centerline, (2) street type in the street center line, and (3) crash location in 
the pedestrian crash data. As soon as the user inputs the street center line and pedestrian 
crash layers, HPCL automatically identifies the field names in the attribute table of the 
corresponding layer, and then adds the field names to the drop down lists in the data input 
user form for selecting the fields (Figure 18). From the drop down list the user needs to 
select the appropriate fields that correspond to street name and type fields in the street 
centerline layer and crash location field in the pedestrian crash layer. HPCL uses the street 
name and type field of the street centerline data to identify the name of the linear high 
pedestrian crash zone, and the crash location field of pedestrian crash data to identify the 
name of the circular high pedestrian crash zone automatically.
Output Files Destination 
The outputs of the HPCL are (1) high pedestrian crash zone shapefile, (2) pedestrian crash 
and population details of the high crash zones in an excel spreadsheet, and (3) crash density 
and crash rates values of high pedestrian crash zones and their final rankings in an excel 
spreadsheet. The final step in the data input is to select the destination folder for these output 
files (Figure 19). Several other accessory files created by the HPCL to implement various 
tasks (for example: identifying the location name of the high crash zone, clipping the crashes 
inside a zone and extracting the crash data, etc.) are also stored inside the destination folder.
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1. Add S treet Network Data
2. Add Pedestrian Crash Data
t '
3. Select the Street Name field in street network:
3
4 . Sell
5. Sel
street_nam|
STREET_TYP 
SUF_DIR 
NS_CODE 
F_MAP_BASI 
F_MAP_SUF 
T_MAP_BASI 
T MAP SUFcc in c  Cl Bsu-LULociui n ield in Crash Data:
n street network:
INTERSECTI
6. Specify the location for output files
C:\PedCrashLocator
Finish
Figure 18 HPCL User Interface: Selecting Street Name Field
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Select Destination Folder m
Look in: C:\
C ]  NVIDIA
_ 3  arcgls Q j  PedCrashLocator
Ü J cabs C ]  pedsaf
2 ]  Documents and Settings '23 Program Flies 
2 ]  Downloads Û  SETUP
2l] fixit C2J temp
23ITE □  WINDOWS
23  Llnksys Driver 2 3  Workspace
My Downloads 2 3  WUTemp
Name: 000
Show of type: Files
=1 Rescued document.txt
Open I
Cancel
Figure 19 HPCL User Interface: Selecting the Destination Folder
Crash Concentration
Kernel density is used to identify pedestrian crash concentrations in the study area. Kernel 
density is available under spatial analyst extension of ArcGIS software. The four main steps 
in performing a kernel density using ArcGIS are: (1) setting the analysis environment, (2) 
accessing input data, (3) setting the kernel radius, and (4) setting the output symbology. The 
following sections discuss about these steps and explain how HPCL automatically sets the 
values for these variables.
Analysis Environment
The analysis environment regulates four essential properties when performing kernel density: 
the cell size, extent, mask, and spatial reference. Though these settings do not affect the 
original data, the extent and mask do affect the areas where the operation will happen. The
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extent specifies the area on which the operation will be performed. The mask specifies the 
cell areas within the extent on which to perform the operation. The cell size affects the 
resolution of the output, the greater the cell size flatter the kernel. The spatial reference 
controls the spatial reference of the output. HPCL automatically sets the analysis 
environment by specifying values for the essential properties. It sets the extent as the extend 
of the crash layer, mask as none, cell size to 50 feet and spatial reference as the spatial 
reference of the crash layer. The user has an option to change the value of the cell size 
(Figure 20).
Input Data and Kernel Radius 
The input data specifies the data on which kernel density is to be performed. HPCL 
automatically sets the crash layer as the input data. Radius of the kernel affects the resulting 
density map. As the radius increases, the kernel becomes flatter. Figures 21 to 24 represent 
the pedestrian concentration in the Carson City (1998-2002) for varying kernel radius values 
(300, 600, 700, and 900 feet). From the figures it is evident that resultant concentration 
surfaces tend to become smoother and flatter as the kernel radius increases. HPCL uses a 
default value of 300 feet with an option for the user to change its value as appropriate.
Output Symbology
The kernel density function produces a raster image and assigns a simple renderer that draws 
the layer in a single randomly selected color. With this single color, it is very difficult to 
identify the locations having higher crash concentrations. In order to identify the locations 
which have high concentrations, HPCL divides the entire range of density values into five
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classes (Very low. Low, Medium, High, and Very high) and assigns each class a different 
color. Figures 25 to 27 show the resultant pedestrian crash concentrations in the Las Vegas 
Metropolitan area, the City of Reno Metropolitan area and Carson City respectively.
mamm
1.Search Radius j Feet
2. Cell Size f  50 Feet
Default Values j
3. Raster Name } Conc_3G0
Create j
Figure 20 HPCL User Interface: Crash Concentration
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##
o  PEDESTRIAN CRASHES CRA SH DENSITY ._________j  Low g g  High
STREET CENTERUNE [  " i Very Low Medium H g  Very High
Figure 21 Pedestrian Crash Concentration in Carson City (Radius = 300 feet)
O PEDESTRIAN CRASHES CRASH DENSITY Low m  High
  STREET CENTERUNE j I Very Low Medium M M  Very High
0.1 0.05 0  0,1 Mies e
Figure 22 Pedestrian Crash Concentration in Carson City (Radius = 600 feet)
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o  PEDESTRIAN CRASHES CRA SH  DENSITY [ [  
STREET CENTERUNE ! I Very Low g
i U>Yv S H I  High 
I Medium g H  Very High
0 1 0.05 0________ 0,1 Mies e
Figure 23 Pedestrian Crash Concentration in Carson City (Radius = 900 feet)
CRASH DENSITY t Low
Very Low Very High
O PEDESTRIAN CRASHES 
STREET CENTERLINE
Figure 24 Pedestrian Crash Concentration in Carson City (Radius = 900 feet)
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Linear High Crash Zone 
There are three steps in creating a linear high crash zone: (1) draw the center line of the zone,
(2) preview the zone, and (3) create the zone. Once the user identifies a linear high crash 
zone, the first step is to draw the center line of the zone along the corresponding street 
network using the ‘LinearZone’ button available in HPCL. The second step is to preview the 
zone by specifying a zone width. The default value of the zone width is 200 feet. HPCL 
creates a buffer along the zone center line using the zone width provided by the user. The
buffer function creates a polygon graphics around the zone center line with a randomly
selected color. Due to the presence of this color, the underlying crashes and crash density 
cannot be viewed. HPCL changes the color of the buffer to no fill (making it transparent) and 
changes the outline color to black in order to visualize the crashes and crash concentrations 
in the linear high crash zone. The user has an option to change the zone width by previewing 
again and specifying the new width. Once the width of the linear zone is finalized, the user 
can actually create the linear zone using the ‘Create’ button. HPCL creates a shapefile (high 
crash zone) and converts the zone graphics (created while previewing the zone) to the newly 
created shapefile features. This high crash zone shapefile will be created only, once and all 
the subsequent linear and circular high crash zones features will be added to this shapefile.
Once the linear high crash zone is created, HPCL identifies the zone location by 
extracting the main street and two cross streets of the zone center line drawn before. The 
tasks involved in identifying linear high crash zone location are:
1. Identify the coordinates of the two end points of the zone center line,
2. Creates point features at the end points using the coordinates,
3. Create buffer around the points with a radius of 50 feet.
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4. Clip the buffers with the street network,
5. Extract the street names from the resultant clips,
6. Identify the zone location: the street name that is common in both the clips is taken 
as main street and remaining two streets as the cross streets of the linear zone, and
7. Write the zone location to the high crash zone shapefile attribute table as “Main 
Street: Reference Street 1 -  Reference Street2”.
Circular High Crash Zones 
Similar to linear, there are three steps in creating a circular high crash zone: (1) draw the 
zone, (2) preview the zone, and (3) create the zone. Once the user identifies a circular high 
crash zone, the first step is to draw a circular graphics near the high crash location using the 
‘CircularZone’ button. HPCL creates a circular graphic with a randomly selected color. Due 
to the presence of this color, the underlying crashes and crash density cannot be viewed. The 
second step is to preview the zone using the ‘Preview” button. This changes the color of the 
circular graphic to no fill (making it transparent) and changes the outline color to black in 
order to visualize the crashes and crash concentrations in the circular zone. The user can 
change the size of the circular zone by dragging, according to the crash concentration in the 
location. Once the size of the circular zone is finalized, user can actually create the circular 
zone using the ‘Create’ button. HPCL converts the circular zone graphic as a feature of the 
high crash zone shapefile.
Once the circular high crash zone is created, HPCL identifies the zone location by 
extracting the main street and reference street of the location having highest number of 
crashes in the zone. The tasks involved in identifying linear high crash zone location are:
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1. Clip the circular high crash zone with the crashes,
2. Extract the crash locations of the crashes from the resultant clip,
3. Identify the zone location: the crash location (Main Street and Reference Street) 
having maximum number of crashes in the zone, and
4. Write the zone location to the high crash zone shapefile attribute table as “Main 
Street/ Reference Street”.
Pedestrian crash concentrations in the Las Vegas metropolitan area, Reno metropolitan area, 
and Carson City were analyzed and 29, 16 and 9 high pedestrian crash zones were identified 
respectively. Figures 28 to 30 show the resultant high pedestrian crash zones created using 
HPCLrin the Las Vegas metropolitan area, Reno metropolitan area, and Carson City.
Ranking of High Crash Zones 
In order to rank the selected high crash zones using the Crash Density and the Crash Rate 
Method the user needs to input three sets of data: (1) crash severity data, (2) pedestrian age 
data, and (3) population data. Using this data, HPCL extracts the pedestrian crash data and 
population data of the high crash zones automatically. As a final step, HPCL computes the 
crash concentration and crash rates for the high crash zones and ranks them using the Crash 
Score Method.
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Crash Severity Data
In this section, the user needs to input: (1) the field names in the attribute table of the crash 
layer that contains severity (fatal or injury) and injury type (injury type-A, injury type-B, or 
injury type-C) of the crash, (2) value of fatal crash and injury crash in the crash severity field,
(3) value of crash injury type-A, injury type-B, and injury type-C in the crash injury type 
field, (4) the weights for fatal, type-A, injury type-B, and injury type-C crashes. The default 
values for weights are kept to 1, with an option for the user to change it appropriately. Figure 
31 represents the HPCL user interface for crash severity data.
Pedestrian Age Data
The user needs to input: (1) pedestrian age GROUP 1, GR0UP2, and GR0UP3, (2) the field 
name in the attribute table of the crash layer that contains pedestrian age, (3) weights for age 
GROUP 1, GROUP2, and GR0UP3. The default values for weights are kept to 1, with an 
option for the user to change it appropriately. Figure 32 represents the HPCL user interface 
for pedestrian age data. The user should select the age group in such a way that the 
corresponding age distributions are available in the population data used. For example, if the 
user selects the age group as 0-20, but the corresponding population data has the distribution 
from 0-5, 5-12, 13-17, and 17-24, it is not possible to extract the corresponding population 
data for the age group 0-20, as the population data does not have a distribution exactly at age 
20. Hence the user should select the age group in accordance with the available population 
data age distribution. In this case, the user should select 0-12, 0-17 or 0-24 as the age group.
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Population Data
The user needs to input: (1) population unit layer of the study area in GIS shapefile format, 
(2) population data table in .dbf format, (3) the common field in population unit layer and 
population data upon which to base the join between the two files, (4) field(s) name in the 
population data table that contains total population, population age GROUP 1, GROUP2, and 
GROUP3. Figure 33 represents the FIPCL user interface for population data.
1. Select the Severity field in Crash Data:
SEVERITY
2. Select the Injury Type field in Crash Data: 
21PEDl INTTY
3. Select Value for Fatality
n  3
4. Select Value for Injury 
) 2 ]
5. Select the Value for Injury Crash: 
_ ^
TYPE - A 
TYPE - B 
TYPE - C
6. Enter the respective Weights:
Fatality
TYPE - A
TYPE - B 1
TYPE - C I 1
Default Values
Next
Figure 31 HPCL User Interface: Crash Severity Data
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PEDESTRIAN AGE DATA
1. Select the Age Groups:
GROUP - 1 GROUP - 2 GROUP - 3
i 1 3 .  1 17 3  h s  To 1 64 3 1 65 3  1 120 3
2. Select the Age Field in Crash Data: f PED1_AGE
3. Enter the respective Weights:
GROUP-1  1 1 GROUP- 2  | * GROUP - 3 1 1 Default Values j
Next
Figure 32 HPCL User Interface: Pedestrian Age Data
POPULATION DATA
1. Add Base Population Layer
2. Add Population Data Table
3. Select the field in Population Layer that the join will based on: !
4. Select the field in Population Data table to base the join 5TFID
5. Join
6. Select the field(s) in Population Data for: (use CNTRL for multiple select)
Total Population
WHITE
BLACK
AMERI_ES
ASIAN
Age GROUP - 1 Age GROUP - 2
AGE_18_21 —J
AGE_22_29 
AGE_30_39 J eJ
Age GROUP - 3
AGE 6 5  UP 1 3
MED_AGE 
MED_AGE_M _ J  
MED_AGE_F 
HOUSEHOLDS Z J
Finish
Figure 33 HPCL User Interface: Population Data
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Data Extraction
After obtaining the user inputs, HPCL extracts the necessary crash and population data of the 
high crash zones to compute the crash density and crash rate methods discussed earlier. The 
tasks involved to extract the pedestrian crash data in order to develop criteria to rank high 
pedestrian crash zones are:
1. Clip' the crashes with high crash zones,
2. Extract the pedestrian crash data of high crash zones, and
3. Export and save this data to an excel spreadsheet to compute crash rates to rank 
high crash zones.
The extracted pedestrian crash data involves (1) total number of fatal, injury type-A, injury 
type-B, and injury type-C crashes in the high crash zones and (2) number of fatal, injury 
type-A, injury type-B, and injury type-C crashes by age GROUP 1, GROUP2, and GR0UP3 
in the high crash zones. The tasks involved to extract the population data of the high crash 
zones are:
1. Create a half-mile buffer around the high risk zones (this is based on the 
assumption that pedestrians would at most walk for 10 minutes and considering 
an average walking speed of 4 feet per second, the distance that a pedestrian 
would walk would be about half-a-mile).
2. Overlay this buffer over the population data layer.
3. Clip the buffer with the population data layer to obtain the population blocks 
within the high crash zone.
' Clipping is a feature available in ArcGIS to cut out a piece of a larger layer using another 
smaller layer.
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4. Compute the area ratio of each census block:
Area Ratio (15)
Area Population Block,..,.,,,., u p
5. Multiply the population data of each population block with the area ratio to obtain 
the resultant population data of the population blocks within the high risk zone.
6. Add all the resultant populations of the population blocks to obtain the population 
of the high risk zone.
7. Extract population data of the high crash zones. Data involves number of total 
population, population by age GROUP 1, GROUP2, and GROUPS.
8. Export and save this data to an excel spreadsheet for further analysis computing 
crash rates to rank the high crash zones.
Ranking of High Crash Zones 
After extracting the crash and population details, HPCL computes the crash density and crash 
rates of the selected high crash zones using the appropriate formulas, and ranks the zones 
using the Crash Score method automatically and exports these data to an output excel file. 
Tables 1 to 18 show the resultant HPCL output data for the Las Vegas metropolitan area, 
Reno metropolitan area Carson City. The data includes (1) pedestrian crash details (total, 
fatal, injury type-A, type-B, type-C crashes), (2) crash details by age group, (3) total 
population and population by age group, and (4) ranking of high pedestrian crash zones.
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Table 1 Pedestrian Crash Data of High Crash Zones in the Las Vegas Metropolitan Area
# Zone
A rea 
(Sq. Miles)
# C rashes
Total Fatal In ju ry
Inu ry  Type
A B C
1 Flamingo Rd : Escondido St - Sandhill Rd 0.189 41 2 39 3 16 21
2 Tropicana Av ; Tamarus St - Pecos Rd 0.139 50 1 49 3 25 20
3 Flamingo St : Claymonty St - Las Vegas Blvd 0.125 57 4 53 6 20 27
4 Las Vegas Blvd : Reno Av - Fashion Show Dr 0.168 119 3 116 18 42 56
5 Tropicana Av : Tropicana Cc Bdry - Wilbur St 0.128 48 9 39 4 15 20
6 Tropicana Av : Rainbow Blvd - Industrial Rd 0.259 55 1 54 9 18 27
7 Flamingo Rd : Ramp I 15 N Flam W - Ravenwood Dr 0.301 61 1 60 13 18 29
8 Maryland Pkwy : Hacienda Av - Karen Av 0.250 150 4 146 18 44 80
9 Sahara Av : Paradise Rd - Mcleod Dr 0.195 58 3 55 8 16 31
10 Las Vegas Blvd : 4th St - Cathedral Wy 0.137 93 2 91 15 28 48
11 Las Vegas Blvd : Cheyenne Av - Foremaster La 0.252 63 7 56 18 16 22
12 Charleston Blv : Decatur Blvd - Buffalor Dr 0.243 47 1 46 7 14 25
13 Sahara Av : Rainbow Blvd - Arville St 0.188 33 0 33 3 11 18
14 Sahara Av ; Fairfield Av - Valley View Blvd 0.070 37 3 34 8 5 21
15 Tropicana Av : Sandhill Rd - Boulder Hwy 0.179 36 1 35 9 11 15
16 Charleston Blvd : Rancho Dr - Main St 0.086 31 1 30 4 10 16
17 Charleston Blvd : 27th St - Lamont St 0.186 51 2 49 4 23 22
18 Nellis Blvd : Harris Av - Sahara Av 0.182 58 2 56 9 12 35
19 Jones Blvd : Smoke Ranch Rd - Chelse Cr 0.142 21 1 20 2 5 13
20 Decatur Blvd : Lake Mead Blvd - Dover PI 0.180 39 2 37 3 13 21
21 Martin L King Blvd : Bonanza Rd - Cartier Av 0.159 35 1 34 0 17 17
22 Rancho Dr: Carey Ave To Palomino Ln 0.251 40 3 37 6 11 19
23 Carson Avenue & Las Vegas Blvd 3.971 341 13 328 34 97 195
24 Lake Mead Blvd & Pecos Road 1.785 116 4 112 34 30 48
25 Swenson Street & Sierra Vista Drive 1.134 74 8 66 11 29 26
26 Harmon Avenue & Paradise Rd 0.593 30 2 28 5 10 13
27 Nellis Blvd & Flamingo Rd 1.786 54 4 50 12 22 16
28 Decatur Boulevard & Pennwood Avenue 2.536 94 2 92 17 29 46
29 US 93-95 (Bldr Hwy) & Desert Inn Road 0.801 38 4 34 5 11 18
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Table 2 Pedestrian Crash Data in the Age Group Less than 18 of High Crash Zones in the Las
Vegas Metropolitan Area
# Zone
# Crashes
Total Fatal Injury Inury Type
A B C
1 Flamingo Rd : Escondido St - Sandhill Rd 9 0 9 1 3 5
2 Tropicana Av : Tamarus St - Pecos Rd 8 0 8 2 4 1
3 Flamingo St : Claymonty St - Las Vegas Blvd 2 0 2 0 1 1
4 Las Vegas Blvd : Reno Av - Fashion Show Dr 2 0 2 0 0 2
5 Tropicana Av : Tropicana Cc Bdry - Wilbur St 3 0 3 1 0 2
6 Tropicana Av : Rainbow Blvd - Industrial Rd 8 0 8 1 3 4
7 Flamingo Rd : Ramp 1 15 N Flam W - Ravenwood Dr 7 0 7 0 3 4
8 Maryland Pkwy : Hacienda Av - Karen Av 20 0 20 3 7 10
9 Sahara Av : Paradise Rd - Mcleod Dr 10 0 10 2 5 3
10 Las Vegas Blvd : 4th St - Cathedral Wy 7 0 7 1 3 3
11 Las Vegas Blvd : Cheyenne Av - Foremaster La 9 0 9 3 4 2
12 Charleston Blv : Decatur Blvd - Buffalor Dr 13 0 13 1 7 5
13 Sahara Av : Rainbow Blvd - Arville St 4 0 4 0 1 3
14 Sahara Av : Fairfield Av - Valley View Blvd 1 0 1 0 0 1
15 Tropicana Av : Sandhill Rd - Boulder Hwy 12 1 11 1 5 5
16 Charleston Blvd : Rancho Dr - Main St 0 0 0 0 0 0
17 Charleston Blvd : 27th St - Lamont St 11 0 11 1 6 4
18 Nellis Blvd : Harris Av - Sahara Av 13 0 13 2 4 7
19 Jones Blvd : Smoke Ranch Rd - Chelse Cr 13 0 13 1 3 9
20 Decatur Blvd ; Lake Mead Blvd - Dover PI 9 0 9 1 6 2
21 Martin L King Blvd : Bonanza Rd - Cartier Av 11 0 11 0 7 4
22 Rancho Dr: Carey Ave To Palomino Ln 7 0 7 1 1 5
23 Carson Avenue & Las Vegas Blvd 36 0 36 2 12 22
24 Lake Mead Blvd & Pecos Road 46 1 45 10 17 18
25 Swenson Street & Sierra Vista Drive 9 1 8 2 4 2
26 Harmon Avenue & Paradise Rd 1 0 1 0 0 1
27 Nellis Blvd & Flamingo Rd 10 0 10 2 6 2
28 Decatur Boulevard & Pennwood Avenue 29 0 29 5 13 11
29 US 93-95 (Bldr Hwy) & Desert Inn Road 4 0 4 2 0 2
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Table 3 Pedestrian Crash Data in the Age Group 18-64 of High Crash Zones in the Las
Vegas Metropolitan Area
# Zone
# Crashes
Total Fatal Injury Inury TypeA B C
1 Flamingo Rd : Escondido St - Sandhill Rd 26 2 24 2 11 12
2 Tropicana Av ; Tamarus St - Pecos Rd 34 0 34 1 18 15
3 Flamingo St : Claymonty St - Las Vegas Blvd 47 3 44 5 18 21
4 Las Vegas Blvd : Reno Av - Fashion Show Dr 99 2 97 14 38 45
5 Tropicana Av : Tropicana Cc Bdry - Wilbur St 36 7 29 3 12 14
6 Tropicana Av : Rainbow Blvd - Industrial Rd 38 1 37 7 12 18
7 Flamingo Rd : Ramp 115 N Flam W - Ravenwood Dr 45 1 44 10 14 20
8 Maryland Pkwy : Hacienda Av - Karen Av 106 3 103 14 34 53
9 Sahara Av : Paradise Rd - Mcleod Dr 37 1 36 6 9 21
10 Las Vegas Blvd : 4th St - Cathedral Wy 69 2 67 12 21 34
11 Las Vegas Blvd : Cheyenne Av - Foremaster La 42 6 36 12 7 17
12 Charleston Blv : Decatur Blvd - Buffalor Dr 31 1 30 6 7 17
13 Sahara Av : Rainbow Blvd - Arville St 24 0 24 2 9 12
14 Sahara Av : Fairfield Av - Valley View Blvd 31 3 28 7 5 16
15 Tropicana Av : Sandhill Rd - Boulder Hwy 17 0 17 7 5 5
16 Charleston Blvd : Rancho Dr - Main St 25 1 24 4 7 13
17 Charleston Blvd : 27th St - Lamont St 35 2 33 3 14 16
18 Nellis Blvd : Harris Av - Sahara Av 38 1 37 7 7 23
19 Jones Blvd : Smoke Ranch Rd - Chelse Cr 8 1 7 1 2 4
20 Decatur Blvd ; Lake Mead Blvd - Dover PI 19 2 17 1 6 10
21 Martin L King Blvd ; Bonanza Rd - Cartier Av 20 1 19 0 10 9
22 Rancho Dr: Carey Ave To Palomino Ln 27 1 26 5 8 12
23 Carson Avenue & Las Vegas Blvd 248 9 239 24 75 138
24 Lake Mead Blvd & Pecos Road 57 0 57 20 12 25
25 Swenson Street & Sierra Vista Drive 55 5 50 7 21 22
26 Harmon Avenue & Paradise Rd 24 1 23 5 7 11
27 Nellis Blvd & Flamingo Rd 37 3 34 8 14 12
28 Decatur Boulevard & Pennwood Avenue 51 1 50 9 14 27
29 US 93-95 (Bldr Hwy) & Desert Inn Road 27 4 23 3 7 13
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Table 4 Pedestrian Crash Data in the Age Group 65 and Above of High Crash Zones in the
Las Vegas Metropolitan Area
# Zone
# Crashes
Total Fatal Injury Inury Ty
pe
A B C
1 Flamingo Rd : Escondido St - Sandhill Rd 3 0 3 0 2 I
2 Tropicana Av : Tamarus St - Pecos Rd 3 1 2 0 2 0
3 Flamingo St : Claymonty St - Las Vegas Blvd 4 1 3 0 1 2
4 Las Vegas Blvd : Reno Av - Fashion Show Dr 9 1 8 3 1 4
5 Tropicana Av : Tropicana Cc Bdry - Wilbur St 6 2 4 0 2 2
6 Tropicana Av : Rainbow Blvd - Industrial Rd 3 0 3 0 1 2
7 Flamingo Rd : Ramp I 15 N Flam W - Ravenwood Dr 7 0 7 3 1 3
8 Maryland Pkwy : Hacienda Av - Karen Av 14 1 13 0 2 10
9 Sahara Av : Paradise Rd - Mcleod Dr 9 2 7 0 2 5
10 Las Vegas Blvd : 4th St - Cathedral Wy 10 0 10 2 3 5
11 Las Vegas Blvd : Cheyenne Av - Fore master La 9 1 8 2 4 2
12 Charleston Blv : Decatur Blvd - Buffalor Dr 1 0 1 0 0 1
13 Sahara Av : Rainbow Blvd - Arville St 3 0 3 0 1 2
14 Sahara Av : Fairfield Av - Valley View Blvd 1 0 1 1 0 0
15 Tropicana Av ; Sandhill Rd - Boulder Hwy 2 0 2 1 0 I
16 Charleston Blvd : Rancho Dr - Main St 3 0 3 0 1 2
17 Charleston Blvd : 27th St - Lamont St 4 0 4 0 3 1
18 Nellis Blvd : Harris Av - Sahara Av 5 1 4 0 1 3
19 Jones Blvd : Smoke Ranch Rd - Chelse Cr 0 0 0 0 0 0
20 Decatur Blvd : Lake Mead Blvd - Dover PI 5 0 5 0 1 4
21 Martin L King Blvd : Bonanza Rd - Cartier Av 0 0 0 0 0 0
22 Rancho Dr; Carey Ave To Palomino Ln 3 1 2 0 2 0
23 Carson Avenue & Las Vegas Blvd 34 3 31 4 8 19
24 Lake Mead Blvd & Pecos Road 6 3 3 2 1 0
25 Swenson Street & Sierra Vista Drive 4 I 3 0 3 0
26 Harmon Avenue & Paradise Rd 3 1 2 0 2 0
27 Nellis Blvd & Flamingo Rd 6 1 5 1 2 2
28 Decatur Boulevard & Pennwood Avenue 5 0 5 2 2 I
29 US 93-95 (Bldr Hwy) & Desert Inn Road 2 0 2 0 1 I
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Table 5 Population Data of the High Crash Zones by Age Group in the Las Vegas
Metropolitan Area
# Zone
# Population
Total Age Group
0-17 18-64 65 & Above
1 Flamingo Rd : Escondido St - Sandhill Rd 22,330 3,514 15,144 3,671
2 Tropicana Av : Tamarus St - Pecos Rd 22,550 4,401 15,294 2,856
3 Flamingo St : Claymonty St - Las Vegas Blvd 23,658 4,090 17,316 2,253
4 Las Vegas Blvd : Reno Av - Fashion Show Dr 3,859 523 2,825 511
5 Tropicana Av : Tropicana Cc Bdry - Wilbur St 11,982 2,483 8,517 982
6 Tropicana Av : Rainbow Blvd - Industrial Rd 25,958 5,097 17,670 3,191
7 Flamingo Rd : Ramp 1 15 N Flam W - Ravenwood Dr 36,941 7,986 24,855 4,099
8 Maryland Pkwy : Hacienda Av - Karen Av 45,065 9,524 30,649 4,892
9 Sahara Av : Paradise Rd - Mcleod Dr 25,655 5,949 16,214 3,492
10 Las Vegas Blvd : 4th St - Cathedral Wy 10,824 2,076 7,252 1,496
11 Las Vegas Blvd : Cheyenne Av - Foremaster La 39,773 13,651 23,823 2,298
12 Charleston Blv : Decatur Blvd - Buffalor Dr 27,386 6,747 17,487 3,153
13 Sahara Av : Rainbow Blvd - Arville St 18,083 4,476 11,672 1,934
14 Sahara Av : Fairfield Av - Valley View Blvd 17,151 3,776 10,572 2,803
15 Tropicana Av : Sandhill Rd - Boulder Hwy 24,124 6,471 15,456 2,197
16 Charleston Blvd : Rancho Dr - Main St 5,851 930 3,820 1,101
17 Charleston Blvd : 27th St - Lamont St 29,903 8,104 18,809 2,990
18 Nellis Blvd : Harris Av - Sahara Av 27,244 8,135 16,931 2,179
19 Jones Blvd : Smoke Ranch Rd - Chelse Cr 29,175 8,508 18,266 2,400
20 Decatur Blvd : Lake Mead Blvd - Dover PI 21,218 5,383 12,684 3,151
21 Martin L King Blvd : Bonanza Rd - Cartier Av 15,074 5,434 8,532 1,108
22 Rancho Dr: Carey Ave To Palomino Ln 18,734 5,005 11,625 2,104
23 Carson Avenue & Las Vegas Blvd 65,299 16,755 41,895 6,648
24 Lake Mead Blvd & Pecos Road 52,181 19,142 30,311 2,729
25 Swenson Street & Sierra Vista Drive 32,851 5,725 22,898 4,229
26 Harmon Avenue & Paradise Rd 15,416 2,627 11,572 1,217
27 Nellis Blvd & Flamingo Rd 32,913 7,810 20,399 4,703
28 Decatur Boulevard & Pennwood Avenue 47,014 10,679 30,841 5,494
29 US 93-95 (Bldr Hwy) & Desert Inn Road 23,217 5,048 14,171 3,998
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Table 6 Rankings of High pedestrian crash Zones in the Las Vegas Metropolitan Area
Rank Zone Crash Density Crash Rate Crash Score
1 Las Vegas Blvd : Reno Av - Fashion Show Dr 974 0.08032 200
2 Las Vegas Blvd : 4th St - Cathedral Wy 922 0.02677 128
3 Maryland Pkwy : Hacienda Av - Karen Av 775 0.01065 93
4 Tropicana Av : Tropicana Cc Bdry - Wilbur St 604 0.01974 87
5 Sahara Av : Fairfield Av - Valley View Blvd 769 0.00538 86
6 Flamingo St : Claymonty St - Las Vegas Blvd 650 0.00737 76
7 Charleston Blvd : Rancho Dr - Main St 486 0.01221 65
8 Tropicana Av : Tamarus St - Pecos Rd 479 0.00748 59
9 Las Vegas Blvd : Cheyenne Av - Foremaster La 409 0.01047 55
10 Sahara Av : Paradise Rd - Mcleod Dr 409 0.00950 54
11 Nellis Blvd ; Harris Av - Sahara Av 424 0.00851 54
12 Charleston Blvd : 27th St - Lamont St 379 0.00630 47
13 Flamingo Rd : Escondido St - Sandhill Rd 301 0.00690 40
14 Decatur Blvd : Lake Mead Blvd - Dover PI 292 0.00629 38
15 Tropicana Av : Rainbow Blvd - Industrial Rd 289 0.00616 37
16 Tropicana Av : Sandhill Rd - Boulder Hwy 294 0.00578 37
17 Flamingo Rd : Ramp 1 15 N Flam W - Ravenwood Dr 283 0.00620 37
18 Martin L King Blvd : Bonanza Rd - Cartier Av 287 0.00583 37
19 Carson Avenue & Las Vegas Blvd 113 0.01762 34
20 Rancho Dr: Carey Ave To Palomino Ln 225 0.00773 33
21 Charleston Blv : Decatur Blvd - Buffalor Dr 260 0.00534 33
22 Sahara Av : Rainbow Blvd - Arville St 215 0.00534 29
23 Lake Mead Blvd & Pecos Road 97 0.01153 24
24 Jones Blvd : Smoke Ranch Rd - Chelse Cr 194 0.00248 23
25 Swenson Street & Sierra Vista Drive 102 0.00800 20
26 Harmon Avenue & Paradise Rd 74 0.00829 18
27 Decatur Boulevard & Pennwood Avenue 51 0.00749 15
28 Nellis Blvd & Flamingo Rd 48 0.00689 13
29 US 93-95 (Bldr Hwy) & Desert Inn Road 71 0.00474 13
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Table 7 Pedestrian Crash Data of High Crash Zones in Carson City
# Zone
Area 
(Sq. Miles)
# Crashes
Total Fatal Injury
Inury Type
A B C
1 Carson St : Caroline St - Musser St 0.022 12 0 12 3 3 5
2 5th St ; Roop St - Saliman Rd 0.047 8 0 8 0 3 5
3 Saliman Rd : William St - Pinto Ct 0.034 9 0 9 2 2 5
4 United States Highway 50 : Brown St - l^mpa Ln 0.077 7 1 6 4 1 1
5 Carson St ; Bath St - John St 0.028 8 1 7 2 2 3
6 Corbett Street & Johnson Street 0.068 9 1 8 2 5 1
7 US 395 & Fifth Street 0.012 8 0 8 2 1 5
8 Winnie Lane & US 395 0.101 7 0 7 3 3 1
9 College Pkwy (Old Graves Ln) & US 395 0.112 5 0 5 0 2 3
Table 8 Pedestrian Crash Data in the Age Group Less than 18 of High Crash Zones in Carson 
City
# Zone
# Crashes
Total Fatal Injury Inury Ty pe
A B C
1 Carson St : Caroline St - Musser St 2 0 2 0 1 1
2 5th St ; Roop St - Saliman Rd 4 0 4 0 2 2
3 Saliman Rd : William St - Pinto Ct 9 0 9 2 2 5
4 United States Highway 50 : Brown St - Lompa Ln 3 0 3 1 1 1
5 Carson St : Bath St - John St 3 0 3 0 1 2
6 Corbett Street & Johnson Street 3 0 3 0 3 0
7 US 395 & Fifth Street 3 0 3 1 0 2
8 Winnie Lane & US 395 3 0 3 0 3 0
9 College Pkwy (Old Graves Ln) & US 395 2 0 2 0 1 1
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Table 9 Pedestrian Crash Data in the Age Group 18-64 of High Crash Zones in Carson City
# Zone
# Crashes
Total Fatal Injury Inury TypeA B C
1 Carson St : Caroline St - Musser St 5 0 5 1 1 2
2 5th St : Roop St - Saliman Rd 3 0 3 0 1 2
3 Saliman Rd : William St - Pinto Ct 0 0 0 0 0 0
4 United States Highway 50 : Brown St - Lompa Ln 4 1 3 3 0 0
5 Carson St : Bath St - John St 4 1 3 1 1 1
6 Corbett Street & Johnson Street 5 1 4 2 1 1
7 US 395 & Fifth Street 5 0 5 1 1 3
8 Winnie Lane & US 395 3 0 3 2 0 1
9 College Pkwy (Old Graves Ln) & US 395 1 0 1 0 1 0
Table 10 Pedestrian Crash Data in the Age Group 65 and Above of High Crash Zones in 
Carson City
# Zone
# Crashes
Total Fatal Injury Inury Ty pe
A B C
1 Carson St : Caroline St - Musser St 4 0 4 1 1 2
2 5th St : Roop St - Saliman Rd 0 0 0 0 0 0
3 Saliman Rd : William St - Pinto Ct 0 0 0 0 0 0
4 United States Highway 50 ; Brown St - Lompa Ln 0 0 0 0 0 0
5 Carson St : Bath St - John St 1 0 1 1 0 0
6 Corbett Street & Johnson Street 0 0 0 0 0 0
7 US 395 & Fifth Street 0 0 0 0 0 0
8 Winnie Lane & US 395 1 0 1 1 0 0
9 College Pkwy (Old Graves Ln) & US 395 1 0 1 0 0 1
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Table 11 Population Data of the High Crash Zones by Age Group in Carson City
# Zone
# Population
Total Age Group
0-17 18-64 65 & Above
1 Carson St : Caroline St - Musser St 4,094 830 2,625 638
2 5th St : Roop St - Saliman Rd 4,920 1,104 3,183 633
3 Saliman Rd : William St - Pinto Ct 4,782 1,210 2,910 661
4 United States Highway 50 : Brown St - Lompa Ln 8,656 2,334 5,199 1,123
5 Carson St : Bath St - John St 4,977 1,113 2,997 868
6 Corbett Street & Johnson Street 5,114 1,134 3,195 785
7 US 395 & Fifth Street 3,381 655 2,186 541
8 Winnie Lane & US 395 6jU 8 1,769 4,110 998
9 College Pkwy (Old Graves Ln) & US 395 5,033 1,314 3,148 571
Table 12 Rankings of High pedestrian crash Zones in Carson City
Rank Zone Crash Density Crash Rate Crash Score
1 Carson St : Caroline St - Musser St 710 0.01373 180
2 US 395 & Fifth Street 885 0.00908 166
3 Saliman Rd : William St - Pinto Ct 349 0.00991 112
4 Carson St : Bath St - John St 469 0.00795 111
5 Corbett Street & Johnson Street 229 0.00694 76
6 5th St : Roop St - Saliman Rd 203 0.00563 64
7 Winnie Lane & US 395 114 0.00576 55
8 United States Highway 50 : Brown St - Lompa Ln 176 0.00366 47
9 College Pkwy (Old Graves Ln) & US 395 54 0.00413 36
79
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 13 Pedestrian Crash Data of High Crash Zones in the Reno Metropolitan Area
# Zone
Area 
(Sq. Miles)
# Crashes
Total Fatal Injury
Inury Type
A B C
1 Virginia Street & 4th Street 0.369 131 3 128 26 43 59
2 Virginia Street & 9th Street 0.201 23 0 23 6 8 9
3 Sutro St : Oliver Ave - 4th St 0.090 27 3 24 8 8 8
4 Montello St : Oliver Ave - 9th St 0.031 9 0 9 2 1 6
5 Mill St ; Kietzke Ln - Kirman Ave 0.169 18 1 17 5 2 10
6 Wells Ave : 2nd St - Taylor St 0.042 16 2 14 5 3 6
7 California Ave : Hill St - Virginia St 0.017 8 0 8 0 3 5
8 Keystone Ave : Sunnyside Dr - 4th St 0.045 12 0 12 2 4 6
9 Neil Rd : Moana Ln - Peckham Ln 0.082 15 1 14 2 5 7
10 Plumb Lane & Virginia Street 0.515 28 1 27 8 11 8
11 Virginia St ; Linden St - Peckham Ln 0.281 39 2 37 15 13 9
12 Brinkby Ave. (R) & Robinhood 0.290 13 0 13 4 5 4
13 Kietzke Ln : Plumb Ln - Gentry Way 0.045 12 0 12 0 7 4
14 Sun Valley Blvd: 7th Ave - Scottsdale Rd 0.149 28 2 26 8 10 8
15 Baring Blvd : Sparks Blvd - Sorensen Way 0.038 8 0 8 4 4 0
16 Oddie Blvd : Silverada Blvd - Sullivan Ln 0.051 9 1 8 1 2 5
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Table 14 Pedestrian Crash Data in the Age Group Less than 18 of High Crash Zones in the
Reno Metropolitan Area
# Zone
# Crashes
Total Fatal Injury Inury Type
A B C
1 Virginia Street & 4th Street 10 1 9 1 4 4
2 Virginia Street & 9th Street 1 0 1 0 1 0
3 Sutro St : Oliver Ave - 4th St 4 0 4 1 1 2
4 Montello St : Oliver Ave - 9th St 4 0 4 1 0 3
5 Mill St : Kietzke Ln - Kirman Ave 4 0 4 0 1 3
6 Wells Ave : 2nd St - Taylor St 1 0 1 0 1 0
7 California Ave : Hill St - Virginia St 0 0 0 0 0 0
8 Keystone Ave : Sunnyside Dr - 4th St 2 0 2 1 1 0
9 Neil Rd : Moana Ln - Peckham Ln 7 1 6 1 2 3
10 Plumb Lane & Virginia Street 6 0 6 3 3 0
11 Virginia St : Linden St - Peckham Ln 4 0 4 2 1 1
12 Brinkby Ave. (R) & Robinhood 5 0 5 2 3 0
13 Kietzke Ln : Plumb Ln - Gentry Way 2 0 2 0 2 0
14 Sun Valley Blvd: 7th Ave - Scottsdale Rd 9 0 9 3 3 3
15 Baring Blvd : Sparks Blvd - Sorensen Way 8 0 8 4 4 0
16 Oddie Blvd : Silverada Blvd - Sullivan Ln 3 0 3 1 1 1
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Table 15 Pedestrian Crash Data in the Age Group 18-64 of High Crash Zones in the Reno
Metropolitan Area
# Zone
# Crashes
Total Fatal In ju ry
Inu ry  Ty pe
A B C
1 Virginia Street & 4th Street 85 1 84 18 26 40
2 Virginia Street & 9th Street 18 0 18 6 6 6
3 Sutro St : Oliver Ave - 4th St 12 0 12 4 5 3
4 Montello St : Oliver Ave - 9th St 3 0 3 1 1 1
5 Mill St ; Kietzke Ln - Kirman Ave 11 1 10 5 1 4
6 Wells Ave : 2nd St - Taylor St 12 0 12 4 2 6
7 California Ave ; Hill St - Virginia St 8 0 8 0 3 5
8 Keystone Ave : Sunnyside Dr - 4th St 9 0 9 1 3 5
9 Neil Rd : Moana Ln - Peckham Ln 6 0 6 1 1 4
10 Plumb Lane & Virginia Street 15 1 14 4 5 5
11 Virginia St : Linden St - Peckham Ln 27 0 27 11 9 7
12 Brinkby Ave. (R) & Robinhood 5 0 5 1 2 2
13 Kietzke Ln : Plumb Ln - Gentry Way 9 0 9 0 5 3
14 Sun Valley Blvd: 7th Ave - Scottsdale Rd 17 2 15 4 6 5
15 Baring Blvd : Sparks Blvd - Sorensen Way 0 0 0 0 0 0
16 Oddie Blvd : Silverada Blvd - Sullivan Ln 5 1 4 0 1 3
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Table 16 Pedestrian Crash Data in the Age Group 65 and Above of High Crash Zones in the
Reno Metropolitan Area
# Zone
# Crashes
Total Fatal Injury Inury Type
A B C
1 Virginia Street & 4th Street 20 0 20 5 8 7
2 Virginia Street & 9th Street 0 0 0 0 0 0
3 Sutro St : Oliver Ave - 4th St 8 3 5 3 2 0
4 Montello St : Oliver Ave - 9th St 0 0 0 0 0 0
5 Mill St : Kietzke Ln - Kirman Ave 1 0 1 0 0 1
6 Wells Ave : 2nd St - Taylor St 3 2 1 1 0 0
7 California Ave : Hill St - Virginia St 0 0 0 0 0 0
8 Keystone Ave : Sunnyside Dr - 4th St 0 0 0 0 0 0
9 Neil Rd : Moana Ln - Peckham Ln 1 0 1 0 1 0
10 Plumb Lane & Virginia Street 5 0 5 1 3 1
11 Virginia St : Linden St - Peckham Ln 7 2 5 1 3 1
12 Brinkby Ave. (R) & Robinhood 2 0 2 1 0 1
13 Kietzke Ln ; Plumb Ln - Gentry Way 0 0 0 0 0 0
14 Sun Valley Blvd: 7th Ave - Scottsdale Rd 1 0 1 0 1 0
15 Baring Blvd : Sparks Blvd - Sorensen Way 0 0 0 0 0 0
16 Oddie Blvd : Silverada Blvd - Sullivan Ln 1 0 1 0 0 1
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Table 17 Population Data of the High Crash Zones by Age Group in the Reno Metropolitan
Area
# Zone
# Population
Total Age Group
0-17 18-64 65 & Above
1 Virginia Street & 4th Street 13,406 1,535 10,358 1,514
2 Virginia Street & 9th Street 9,900 1,264 7,723 914
3 Sutro St : Oliver Ave - 4th St 11,995 3,674 7,379 943
4 Montello St : Oliver Ave - 9th St 10,186 3725 5,974 887
5 Mill St ; Kietzke Ln - Kirman Ave 8jW4 1,845 5,957 1,002
6 Wells Ave ; 2nd St - Taylor St 10,955 2,072 7,748 1,135
7 California Ave : Hill St - Virginia St 7,788 1,089 5,771 928
8 Keystone Ave : Sunnyside Dr - 4th St 8793 1,304 6738 1,251
9 Neil Rd : Moana Ln - Peckham Ln 10,762 3,181 6,784 797
10 Plumb Lane & Virginia Street 19,186 4,316 12,696 2,175
11 Virginia St : Linden St - Peckham Ln 17,146 4,361 11,052 1,734
12 Brinkby Ave. (R) & Robinhood 11,019 2,316 6,943 1,760
13 Kietzke Ln : Plumb Ln - Gentry Way 10,741 2,922 6,797 1,023
14 Sun Valley Blvd: 7th Ave - Scottsdale Rd 12,383 3,660 7,723 999
15 Baring Blvd : Sparks Blvd - Sorensen Way 8702 2,428 5,522 752
16 Oddie Blvd : Silverada Blvd - Sullivan Ln 16,102 4,348 9,685 2,068
Table 18 Rankings of High pedestrian crash Zones in the Reno Metropolitan Area
Rank Zone Crash Density Crash Rate Crash Score
1 Virginia Street & 4th Street 500 0.04033 179
2 Sutro St : Oliver Ave - 4th St 499 0.02310 136
3 ■ Wells Ave : 2nd St - Taylor St 631 0.00996 125
4 California Ave : Hill St - Virginia St 546 0.00165 90
5 Baring Blvd : Sparks Blvd - Sorensen Way 372 0.00577 73
6 Sun Valley Blvd: 7th Ave - Scottsdale Rd 302 0.00881 70
7 Virginia St : Linden St - Peckham Ln 229 0.01312 69
8 Keystone Ave : Sunnyside Dr - 4th St 354 0.00453 67
9 Montello St : Oliver Ave - 9th St 373 0.00226 65
10 Neil Rd : Moana Ln - Peckham Ln 263 0.00645 58
11 Kietzke Ln : Plumb Ln - Gentry Way 319 0.00257 57
12 Oddie Blvd : Silverada Blvd - Sullivan Ln 256 0.00229 46
13 Mill St ; Kietzke Ln - Kirman Ave 154 0.00654 41
14 Virginia Street & 9th Street 164 0.00468 38
15 Plumb Lane & Virginia Street 85 0.00773 33
16 Brinkby Ave. (R) & Robinhood 67 0.00638 26
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CHAPTER 7
CONCLUSIONS AND RECOMMENDATIONS 
Summary
The purpose of this thesis was to recommend a systematic methodology to identify and rank 
high pedestrian crash locations and to develop an automated tool to implement the 
methodology. The recommended methodology involves identifying pedestrian crash 
concentrations, selecting high crash zones, and developing criteria to rank high crash zones. 
An automated GIS based tool (HPCL) is developed to implement the methodology to 
identify and rank high pedestrian crash zones.
HPCL will serve as an additional tool for transportation safety professionals to help 
identify pedestrian safety issues in an efficient manner. Identification of high pedestrian 
crash zones is important to develop and implement plans to maximize benefits by reducing 
the number and severity of crashes. The HPCL helps to (I) identify pedestrian crash 
concentrations by drawing concentration maps, (2) identify high pedestrian crash zones, (3) 
extract the crash characteristics and population details of selected zones, and (4) compute 
crash rates and use specified criteria to develop a list of ranked high crash zones. Criteria 
were developed using Crash Concentration Method and Crash Rate Based on Weighted 
Population Method. The high pedestrian crash zones are ranked using the Crash Score 
Method, computed using the crash concentrations and crash rates of the high crash zones.
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The HPCL can integrate crash and population databases provided by various state and federal 
agencies. The customized user interfaces for data input and automation of various repetitive 
tasks makes the tool accessible to new GIS users and helps to identify the pedestrian safety 
issues expeditiously.
Scope for Further Research 
The following are potential topics for further research:
Crash Geocoding
As mentioned in this thesis, the common source of pedestrian crash data is the crash reports 
filed by the local law enforcement agencies. This raw text file data has to be geocoded in 
order to convert it to a GIS format as an input data to the HPCL. Due to the issues stated 
earlier, complete automation of crash geocoding is extremely difficult. But partial automation 
of geocoding can be done developing a user interactive tool. Such a user interactive tool will 
typically undergo following tasks:
1. As the user inputs the street centerline data in shapefile format and pedestrian crash 
data in a text format, the tool can automatically undergo an initial set of geocoding, 
resulting in a pedestrian crash layer in a shapefile format.
2. Due to the discrepancies in the naming convention adopted between the street 
centerline and pedestrian crash data, many of the crashes will not be geocoded. A user 
interactive interface could be developed that will show the crash records that are not 
geocoded and some potential street records with similar street names.
3. After the user identifies the appropriate matching records in the street centerline layer 
and crash database, an option to edit the street name field and/or crash location field.
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will help to bring consistency in the naming conventions of this data. The edited crash 
data can be re-geocoded and could be added to existing crash layer.
4. Geocoding can also fail if corresponding street centerline data is not available in the 
crash location. In such a case the user could identify the crash location with the help 
of a map and an option to digitize and add the records to the existing crash layer, 
which would help to geocode rest of the crashes.
The applications of emerging technologies such as Global Positioning Systems (GPS) 
software installed on a Handheld or Personal Data Assistant (PDA) can be used to identify 
and map the crash location. With the help of such latest technology, a law enforcement 
officer can locate the longitude and latitude of the crash location on a PDA or Handheld. 
Later the crash location can be accurately located in a GIS map using this latitude and 
longitude. Thus with the help of latest technologies complicated process of gecoding can be 
completely eliminated.
Ranking Methodology
Population was used as a proxy to estimate pedestrian activity and exposure. The population 
data obtained from various sources contains only information pertaining to the resident 
population and does not account for the non-resident population. However, in some 
locations, while the proximate resident population may be small it is possible that non­
residents account for significant pedestrian movements and exposure. So, non-resident 
population could have a significant impact on the final rankings of the high crash zones. 
Some of the variables that could be used to estimate the non-resident population are number 
of hotel rooms and average room occupancy, commercial/shopping center floor area, number 
of jobs or employees, number of fast-food/restaurants in the vicinity, number of beds in
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hospitals, etc. So while calculating Crash Rates based on the Weighted Population Method,
non-resident population should also be added along with the resident population.
The HPCL currently uses exactly three age groups for calculating the crash rates 
based on population. Incorporating flexibility to evaluate either fewer or more age groups 
will add to the versatility of HPCL. Providing more age groups will help identify whether a 
specific age group is over or under involved in crashes. Thus, HPCL could be updated in 
order to provide an option for the user to select the desired number of age groups and their 
definitions accordingly.
The HPCL computes crash rates based on population alone. Some other measures of 
exposure that could be used to compute crash rates include pedestrian counts, traffic counts, 
and number of conflict points (between pedestrian and vehicle). Due to limitations of the data 
availability traffic and pedestrian counts, crash rates based on population were used as 
surrogate data. But if available, pedestrian and traffic counts should also be incorporated 
because they truly represent the pedestrian activity when compared to population. Thus, the 
ranking methodology should be modified in order to include crash rates based on pedestrian 
volume, traffic volume, and the number of conflict points and the total potential conflict 
between pedestrians and motor vehicles. The HPCL should be modified in order to input the 
traffic and pedestrian counts in text files and it should automatically compute the 
corresponding crash rates and rank the high crash zones.
Identify High Crash Locations 
After identifying high pedestrian crash zones, the next step in a systematic pedestrian safety 
improvement program is to evaluate and identify the high pedestrian crash locations in high 
crash zones. These could be either intersection or non-intersection (mid-block) locations. An
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automated GIS tool to evaluate and identify spatial and temporal characteristics of the 
crashes in high crash locations will be of tremendous help for safety managers. Spatial 
characteristics include pedestrian crashes by location (such as signalized intersections, 
unsignalized intersection, mid-block, etc.) and pedestrian crashes by street type, i.e. road 
functional class (major arterial, minor arterial, collector streets, etc.) and road class (divided 
or undivided highway, number of lanes, etc.). Temporal characteristics include crashes by 
time of the day, day of the week, and month of the year. Such a tool will help to identify 
appropriate and site specific countermeasures for high crash locations.
Sensitivity Analysis
Sensitivity analyses could be performed to evaluate the impacts on the final rankings of the 
high crash zones of changing the weights used in the ranking methods. This includes the 
weights used in the Crash Severity Method and Crash Rate Based on Weighted Population 
Method. Sensitivity analysis using varying values of kernel radius and cell size for 
calculating crash concentrations will also help to identify whether these values have an 
impact on high crash zone selections and final rankings.
In the final Crash Score Method, instead of providing equal weights to the Crash 
Concentration and Crash Rate Method, different weights can be given and a sensitivity 
analysis would help to identify their impact on the final crash score values and rankings. For 
example the Crash Score Method could be modified as follows;
CS = (or X Score CC ^  ) + (;^ x Score CR ) (16)
where
a and P are w eights for C C a  and CRwp respectively,
0 < a  < 1 ,  and
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0 < P  < 1, and 
O' +  /?  =  1
Such a modification to the Crash Score Method will help to give the desired relative 
importance to the Crash Concentration Method or Crash Rate Method. HPCL should also be 
updated, in order to facilitate the user to select the appropriate weights in the Crash Score 
Method.
Automation of Zone Identification 
The main drawback of the HPCL is that the user needs to identify appropriate high crash 
zone (circular or linear) using a visual approach with the help of crash concentration. Thus, 
the zone identification is subjective in nature depending up on the user’s perspective. The 
solution for this problem is to automate the process of zone selection and creation depending 
up on the crash concentrations and FHWA pedestrian safety zone guidelines. Thus by 
implementing a standard methodology for zone selection will make the HPCL, a 
“completely” automated CIS tool to identify pedestrian crash problem areas.
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